The jararacuçu, one of the most dreaded snakes of ing amputation in one) and five local abscesses. Two became shocked and four developed renal failure. Brazil, southern Bolivia, Paraguay and northeastern Argentina, is a heavily-built pit viper which may Three patients, aged 3, 11 and 65 years, died 18.75, 27.75 and 83 h after being bitten, with respiratory grow to a length of 2.2 m. Up to 1000 mg (dry weight) of highly-lethal venom may be milked from and circulatory failure despite large doses of specific antivenom and intensive-care-unit management. In its venom glands on a single occasion. It has accounted for 0.8% to 10% of series of snake bites two patients, autopsies revealed acute renal tubular necrosis, cerebral oedema, haemorrhagic rhabdoin Sã o Paulo State, Brazil. We examined 29 cases of proven jararacuçu bites recruited over a 20-year myolysis at the site of the bite and disseminated intravascular coagulation. In one survivor with period in two São Paulo hospitals. Severe signs of local and systemic envenoming, (local necrosis, chronic renal failure, renal biopsy showed bilateral cortical necrosis; the patient remains dependent on shock, spontaneous systemic bleeding, renal failure) were seen only in patients bitten by snakes longer haemodialysis. Effects of polyspecific Bothrops antivenom were not impressive, and it has been sugthan 50 cm; bites by shorter specimens were more likely to cause incoagulable blood. Fourteen patients gested that anti-Bothrops and anti-Crotalus antivenoms should be given in combination. developed coagulopathy, six local necrosis (requir-Introduction Sul2 on several islands (Ilha Comprida, Cananéia, I. Among the lance-headed pit vipers (genus Bothrops)
de São Sabastião and I. do Cardoso), in southern of Latin America, B. asper/xanthogrammus and B.
Bolivia, Paraguay and northeastern Argentina atrox are the longest but the jararacuçu (B. jarara- (Figure 3 ).3 The average venom yield is 247 (range cussu) (Figure 1 ), also known as urutu dourado and 149-385) mg (dry weight) and, exceptionally, up to surucucu tapete, is the most heavily built. The name 1000 mg dry weight at one milking; its lethal potency jararacuçu comes from the Tupi word yararakusú , is much higher than venoms of most other Bothrops meaning a large jararaca (B. jararaca).1 A jararacuçu species, approaching that of the neotropical rattle-1.5m long may have a girth of 22 cm, and the snake (Crotalus durissus terrificus). atory investigations were recorded on standard pro-0.5%) plus 10% normal human serum (NHS) were added to each well in duplicate. A standard curve formas.
for concentrations of B. jararacussu venom of 3000-1 ng/ml was also prepared using PBSG plus Immunodiagnosis 10% NHS. The plate was then incubated for 2 h at In one patient (Patient 3) the diagnosis was confirmed 37°C, and subsequently rewashed. PBSG (100 ml) by detection of B. jararacussu venom by enzyme containing 5 mg/ml rabbit anti-B. jararacussu IgG immunoassay. Each well of a 96-well microtitre plate purified by protein A chromatography was added to (Polysorp, Nunc Ltd) was coated with 100 ml of each well, and the plates were incubated for a 20 mg/ml F(ab ) 2 purified from commercial horse further 2 h at 37°C. The plate was then rewashed polyspecific Bothrops antivenom (Instituto Butantan) and 100 ml goat anti-rabbit IgG peroxidase conjugate using a protein G column on a FPLC system. The (Sigma, Cat. no A-6154) was added at a final dilution wells were washed as described by Theakston et al.11 of 1:4000 in PBSG plus 0.05% Tween 20 for 1 h at Wells were then blocked for 2 h at 37°C with 200 ml 37°C. The colour was developed using 700 mg/ml PBS containing 1% gelatine (PBSG) and rewashed.
OPD dissolved in citrate buffer, pH 5.0 plus 30% H 2 O 2 (v/v). The reaction was stopped after 20 min Patients' sera (100 ml) diluted 1:10 in PBSG (gelatine prospectively (1991) (1992) (1993) (1994) (1995) . Diagnosis was based on identification of the dead snake in 28 cases. The The patients ranged in age from 3 to 61 (median 
Clinical features
The foot or ankle was bitten in 41.4% of patients.
No symptoms/signs 0 1 1
About one third reached hospital within 3 h of the Pain 11 17 28 bite, but about one quarter took more than 12 h Swelling 11 16 27 ( shorter than 50 cm long in Table 3 . Severe signs of 1200-1800 12 46 local and systemic envenoming, such as necrosis, 1800-2400 2 8
shock, spontaneous systemic bleeding and renal 2400-0600 2 8
failure, were seen only in those bitten by larger Total 26 100 snakes, but bites by the smaller specimens were more likely to cause incoagulable blood (7/12, 58%).
*Three cases of bites to snake handlers have been excluded.
Three of the 29 patients died (10.3%); of these two were children (aged 3 and 11) and one was a 65-year-old man. All three had been bitten by large B. jararacussu. Further details of these patients are given below. been vomiting and was found to be shocked, with a tachycardia of 160/min, and had not passed urine antivenom were given, because some authorities since the bite. There was bleeding from the bite believe that this antivenom is more effective in B. wound and local ecchymoses. She was transferred jararacussu envenoming than Bothrops polyspecific immediately to HU. On admission at 20:30, she was antivenom. Volume expanders, blood transfusion, comatose, pale, peripherally cyanosed and hypovasoactive drugs and ventilatory support were also thermic, with a weak pulse, very poor peripheral provided. Initial laboratory results showed severe circulation and irregular gasping respiration. There metabolic acidosis (pH 6.65, pO 2 76 mmHg, pCO 2 was rapid deterioration with bradycardia, apnoea 30.6 mmHg, bicarbonate 3.5 mmol/l), hyponatraeand finally circulatory failure, but she was resuscitmia (Na+ 132 mmol/l), hyperkalaemia (K+ ated with external cardiac massage and positive-5.8 mmol/l), creatinine 1.3 mg/dl and elevated creatpressure ventilation. On 13.1.91, a further 15 ine kinase levels (1578 IU/l). There was anaemia ampoules of Instituto Butantan polyvalent Bothrops (Hb 6.7 g/dl, haematocrit 22%), leucocytosis of antivenom was administered by slow intravenous 52×109/l with band forms and marked eosinophilia infusion. She was then transferred to the intensive (metamyelocytes 1%, band forms 29%, segmented care unit. Two hours later her condition again forms 5%, eosinophils 24%, lymphocytes 40%, deteriorated. She was shocked and deeply comatose monocytes 1%), thrombocytopenia (89×109/l), prowith absent light reflexes and dilating pupils. At the longation of prothrombin and partial thromboplastin site of the bite on the left thigh were three puncture times to >2 min, and hypofibrinogenaemia (0.4 g/l). marks approximately 5 cm apart ( Figure 5 ). The
Illustrative case reports
Over the next few hours her Glasgow Coma Score whole limb was swollen and ecchymotic with swelldeclined to 3, and her pupils dilated. Swelling and ing of the adjacent area of her trunk. There was bruising of the left thigh increased. Shock, coma, evidence of hypovolaemic shock and disseminated anaemia, respiratory failure and metabolic acidosis intravascular coagulation. Ten ampoules of Crotalus proved refractory to treatment, blood urea and creatinine rose, and she developed bradycardia unresponsive to drugs and died 18.75 h after the bite (at 12:00 on 13.1.91).
On autopsy, at the site of the bite there was extensive rhabdomyolysis with haemorrhagic foci but no inflammatory infiltration of leucocytes ( Figure 6 ). There was haemorrhage and necrosis in the subcutaneous tissues ( Figure 7 ). There was cerebral oedema. The pituitary appeared normal. The lungs were haemorrhagic with an inflammatory infiltration of neutrophils in septa and alveoli; there was oedema and deposition of intra-alveolar fibrin.
Hepatic sinusoids and portal tracts were infiltrated with polymorphonuclear cells, mainly eosinophils (Figure 8 ). There was fatty necrosis of the pancreas with haemorrhage of the parenchymal cells. The glands appeared normal. The predominance of eosinophils in the infiltrates suggested the possibility of an anaphylactoid reaction to the large volumes of antivenom she had received, but there had been no clinical features of such a reaction.
Patient 2
A 35-year-old farm labourer was struck twice on the right forearm by a B. jararacussu 1.1 m long in Juquitiba, São Paulo State at 05:00 on 12/12/93. He was admitted to HVB 9 h later. Painful swelling had spread from the bite site to the right shoulder and anterior chest wall. He had a persistent tachycardia (96-122 beats/min), tachypnoea (25-32 breaths/ min), low-grade fever and normal blood pressure, but had passed no urine since the bite. He was given eight vials of Instituto Butantan specific anti- the same antivenom were given later because of the prolonged prothrombin time. On the next day he was still oliguric (100 ml/12 h) and the urine was dark. He was then transferred to the ICU of HU.
Tachycardia, tachypnoea, low-grade fever and a normal blood pressure were observed, and he was anuric and drowsy. There was massive swelling of the whole of the bitten arm and adjacent areas of the neck and hemithorax. Acute renal failure required prompt peritoneal dialysis (Table 4) .
Because of persistent fever, the right arm was surgically explored. A subcutaneous abscess was drained and Acinetobacter calcoaceticus and Enterobacter cloacae were isolated. An open kidney biopsy was performed on the 30th day of hospital kidneys showed acute tubular necrosis with depos- glomerulus on the right, a capillary appears to be occluded with red-staining proteinaceous material, also seen in the wall of arterioles. This is probably fibrin, and the appeartubular necrosis was associated with tubular dilataances suggest disseminated intravascular coagulation.
tion with desquamation of necrotic cells and cellular debris into the lumen. The viable tubules showed atrophy in some areas. Interstitial oedema was associprevious occasions by snakes and treated at HVB. ated with a scanty infiltrate of lymphocytes, plasma
He was an alcoholic with a history of chronic cells and monocytes. Fibrin was detected in the bronchitis. Since no antivenom was available at the walls of arterioles and there were fibrin thrombi in local hospital, he was given corticosteroid and intrasome glomerular capillaries (Figure 11) . venous fluid and transferred to HVB. On admission He was treated with oxacillin and cefoxitin, blood at 16:45 on the same day, the diagnosis was contransfusion, intravenous fluids and diuretics. Chronic firmed by detecting 396 ng/ml B. jararacussu venom peritoneal dialysis was complicated by pseudomonal in the serum. The level had fallen to 144 ng/ml at peritonitis. He survives on a chronic haemodialysis 6 h and to zero 12 and 24 h later. A tight tourniquet regimen.
had been applied proximal to the bite for about 30 min. There had been mild localized bleeding from
Patient 3
the fang punctures, and progressive swelling and pain. A 65-year-old builder resident in Itaquaquecetuba, was bitten on the left calf by a large jararacuçu at
The patient was conscious, orientated, haemodynamically stable and afebrile. He complained of 09:00 on 16.9.94. He had been bitten on two pain in the left leg. Two bleeding fang punctures in 24 h), urine specific gravity of 1020, fluid balance were seen on the left calf surrounded by a ring of was +1900 ml in 24 h without considering the bruising. Marked tender swelling extended up to the massive fluid extravasation into the left lower limb. knee and there was painful left inguinal lymphadenoHe died 105 h after being bitten. pathy. Haematomas were forming at the site of At autopsy, macroscopic appearances were unrevenepunctures, but there was no bleeding elsewhere. markable except for evidence of envenoming and His blood was incoagulable. Between 17:10 and surgical debridement in the left calf, some subarach-17:45, four ampoules of anti-Bothrops antivenom noid petechiae over the cerebral hemisphere and was given with no reaction. During the next 24 h cerebral oedema. Microscopically, there was necrosis the local signs increased, but the clotting time of muscle fibres and interstitial haemorrhage in the returned to normal. Despite rehydration he produced region of the wound and evidence of disseminated only 230 ml of dark urine over the next 24 h. intravascular coagulation. There were fibrin thrombi On the third day after the bite there was a spike in small sub-mucosal vessels of the intestine with of fever (38°C), tachycardia, hypotension and oliguria ischaemic necrosis of the mucosa and in small (urine output on the third day was 280 ml/24 h). He cortical and meningeal vessels with local meningeal was given intravenous saline and dopamine, without haemorrhage and cerebral oedema. clinical improvement and then transferred to HU for There were focal haemorrhages in the adrenal surgical treatment to the bitten limb. At this stage he medulla, with depletion of the zona fasciculata, was conscious, and breathing at a normal frequency acute tubular necrosis and a fatty (alcoholic) liver but with prolonged expiration and diffuse added with evidence of shock. sounds. Blood pressure was 110/60 mmHg, pulse 94 per minute regular, temperature was 38°C, and there
Patient 4
was swelling of the left lower limb. He was admitted An 11-year-old boy was bitten on the right leg by a for assessment of surgical debridement and drainage large jararacuçu at his home in Cachoeira Paulista of an abscess on the left leg and fasciotomy. A at 18:00 on 1.1.85. He was admitted to a hospital Penrose drain was left in the wound.
in Cruzeiro at which time his blood clotted in 4 min He became agitated, tachycardic and sweaty. The 7 s, the bleeding time was 1 min 38 s, haemoglobin blood pressure was 90/60 mmHg, pulse 100 per 10 mg/dl, haematocrit 33%, white blood cell count minute and there were persistent added chest sounds.
15.4×109/l (60% neutrophils), platelets 130×109/l. He was treated with oxacillin, cefoxitin, extracellular
He was transferred to HVB where he was admitted fluid volume expansion with 2000 ml of saline and at 17:30 on 3.1.85, 58 h after the bite. He was diazepam. Several hours after admission a metabolic sleepy and pale, with tense swelling and ecchymoses acidosis was confirmed (arterial pH 7.2, bicarbonate of the entire bitten limb extending into the lumbar 18.5 mEq/l). He had severe hypotension, blood area and with swelling of the scrotum. Blisters were pressure 80/40 mmHg, pulse 116 per minute, central spreading from the site of the bite. He was vomiting venous pressure +12 cmH 2 O and suffered two episblood, was oliguric and had a tachycardia of 124 odes of watery diarrhoea. His level of consciousness beats per minute. He was treated with 8 vials of declined. The blood glucose fell to 50 mg/dl but Bothrops antivenom (5 subcutaneously, 3 intraventreatment with an intravenous infusion of hypertonic ously) with ampicillin, intravenous saline, furosamglucose resulted in no clinical improvement. The ide, antihistamines (H 1 and H 2 antagonists) and ECG showed sinus tachycardia without evidence of analgesics. During the next 14.5 h he passed only myocardial ischaemia. He was transferred to the 210 ml of urine and vomited repeatedly. The next intensive care unit and mechanically ventilated day he was transferred to HU in poor condition; because of his neurological deterioration, attributable hypoactive, pale, icteric and clinically dehydrated to hypoxaemia and metabolic acidosis.
with a blood pressure of 130/70 mmHg, pulse 140 There was massive oedema of the left lower limb beats per minute, respirations 36 per minute. The with leakage of large amounts of foul smelling sero/ abdomen was tense and painful with reduced bowel sanguinous/purulent material, bullae and signs of sounds. Limb swelling was as before but there was tissue necrosis demanding further surgical intervena hyperaemic erythematous area in the mid-thigh tion. Morganella morganii was cultured from purulent region with more blisters containing bloodstained blister fluid.
fluid. Limb pulses were normal. The blood clotted Despite infusions of dopamine and dobutamine in 8 min, prothrombin time 13.5 s, APTT 45 s, (10 mg/kg/min) transfusion of packed cells and extrathrombin time 15.3 s, fibrinogen 0.85 g/l, haemocellular volume expansion with colloids and crystalglobin 7.5 mg/dl, haematocrit 26%, white blood loids, he remained hypotensive (blood pressure count 4.6×109/l (neutrophils 62.5%), Na+ 80/40, 40/30 mmHg and finally undetectable) with tachycardia and acidosis. He was oliguric (310 ml 126 mmol/l, K+ 7.6 mmol/l, creatinine 5.1 mg/dl, urea 193 mg/dl, bilirubin 0.9 mg/dl (indirect) 44 Another possible mechanism of hypotension and Bothrops venoms was more efficient in the neutralization of lethal, myotoxic and procoagulant during the acute phase of envenoming by jararacuç u is haemorrhagic infarction of the anterior pituitary activities of B. jararacussu venom than Bothrops antivenom alone.51 giving rise to ACTH deficiency. A true Addisonian crisis is unusual in pure ACTH deficiency, because some aldosterone secretion is maintained through the renin-angiotensin mechanism. However, this
